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Abstract
We report the recent measurements of the inclusive J/ψ production in pp collisions at
√
s = 2.76 TeV, in pp collisions
at
√
s = 7 TeV and in Pb-Pb collisions at √sNN = 2.76 TeV with the ALICE detector at the LHC. The J/ψ mesons
are detected down to pT = 0 GeV/c via their di-muon decay channel at forward rapidity (2.5 < y < 4) and via their
di-electron decay channel at mid-rapidity (|y| < 0.9). A special emphasis is put on the nuclear modification factor
which is compared to the predictions of current J/ψ production models.
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1. Introduction
The unprecedented collision energy reached at the LHC
has opened a new era for the study of deconfined QCD
matter expected to be created in the extreme condi-
tions characterising early stages of heavy ion collisions.
Heavy flavours (charm and beauty) are abundantly pro-
duced at LHC energies. As heavy flavours are expected
to be created during the initial hard scattering and to co-
exist with the surrounding medium due to their long life
time, their measurement should bring essential informa-
tion on deconfined QCD matter [1].
While heavy quark pair production is described per-
turbatively, heavy quark pair bound states are formed
via soft non-perturbative processes [2, 3]. Because
of this interplay between the perturbative and non-
perturbative aspects, quarkonium production in pp colli-
sions is a unique and a very important test case for QCD.
In Pb-Pb collisions, different theoretical approaches [4–
7] propose the quarkonium production as a signature
of the QCD deconfined matter and, possibly as a ther-
mometer of the medium.
ALICE (A Large Ion Collider Experiment) [8] is the
LHC experiment dedicated to the study of heavy ion
collisions. At forward rapidity (2.5 < y < 4), ALICE is
equipped with a spectrometer [8] designed to measure
muons. Here, we concentrate on the measurement of
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J/ψ mesons which decay to two muons. The spectrom-
eter is composed of a passive hadron absorber made of
a combination of low and high atomic number material,
a beam shield, a 3 T m dipole magnet, five tracking sta-
tions and finally, two trigger stations located behind a
1.2 m thick iron wall. At mid-rapidity (|y| < 0.9), J/ψ
mesons are measured via their di-electron decay chan-
nel with the ALICE central barrel [8]. Amongst the
six sub-detectors composing the central barrel, the Inner
Tracking System (ITS) [8] and a 88 m3 Time Projection
Chamber (TPC) [8] allow charged particle tracking in a
0.5 T field. The ITS is made of three layers of detectors
using different silicon technologies. The detector layer
the closest to the interaction point allows the reconstruc-
tion of the interaction vertex. The TPC is filled with a
Ne − CO2 gas mixture and is divided in two drift regions
by the central electrode. In Pb-Pb collisions, events are
selected according to their degree of centrality by means
of the VZERO hodoscope [8] made of two scintillator
arrays covering the pseudorapidity range 2.8 < η < 5.1
and −3.7 < η < −1.7. The VZERO used together with
the ITS also allows to define the Minimum-Bias (MB)
interaction trigger.
2. Data analysis
While the analysis at mid-rapidity relies on MB
events, the analysis at forward rapidity in pp (Pb-Pb)
collisions rely on a sample of MB events enriched with
single muons (di-muons) by means of the trigger system
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of the spectrometer. In Tab. 1 the integrated luminosity
of the analysed data samples are given for the consid-
ered systems, energies and rapidity ranges.
Table 1: Integrated luminosity of data samples used for the analysis.
2.5 < y < 4 |y| < 0.9
pp
√
s = 2.76 TeV 19.9 nb−1 1.1 nb−1
pp
√
s = 7 TeV 15.6 nb−1 5.6 nb−1
Pb-Pb √sNN = 2.76 TeV 70 µb−1 1.7 µb−1
At forward rapidity, reconstructed particles are iden-
tified as muons if their tracks in the tracking stations
match with tracks in the trigger stations. At mid-
rapidity, the measurement of energy loss provides good
discrimination of electrons from the larger yield of
hadron.
The electrons and muons passing the analysis cuts [9,
10] are combined in opposite-sign pairs thus allowing
the signal extraction from invariant mass distributions.
In the di-muon channel the signal shape is described by
a Crystal Ball function [11] while the background is pa-
rameterized using the sum of two exponentials [9, 10].
In the di-electron channel the signal is obtained by sub-
tracting the background which is estimated using the
like-sign pairs invariant mass distribution [9] or track
rotation technique [12].
The measured J/ψ (NJ/ψ) yield is normalized to the
number of events (Nevents) and corrected for the kine-
matic acceptance, the reconstruction efficiency and the
trigger efficiency (Aǫ) of the detector and for the branch-
ing ratio (BR) of the di-muon or di-electron decay chan-
nel. The inclusive J/ψ yield is then given by:
YJ/ψ =
NJ/ψ
Nevents Aǫ BRJ/ψ→µ+µ−(e+e−)
. (1)
The acceptance and efficiency correction is per-
formed by means of a Monte-Carlo based procedure. A
large sample of J/ψ is generated with PYTHIA [13] and
is embedded in real events. All the particles are trans-
ported in a realistic ALICE detector set up modelled
with GEANT3 [14]. An alternative procedure involv-
ing background events generated with PYTHIA [13] or
HIJING [15] instead of real events is also used. In pp
collisions, the inclusive J/ψ yield is converted into cross
section using the minimum bias pp cross section [9].
The J/ψ pp cross section and the inclusive J/ψ yield from
Pb-Pb collisions are used to calculate the nuclear modi-
fication factor, as explain in Sect. 4.
3. Results in pp collisions
Figure 1: pT-differential cross section of inclusive J/ψ measured at forward
and mid-rapidity in pp collisions at
√
s = 7 TeV [9]. ALICE data are compared
with the results from CMS [16], ATLAS [17] and LHCb [18].
The pT-differential cross sections of inclusive J/ψ
measured in pp collisions at
√
s = 7 TeV at forward
and mid-rapidity [9] are shown on Fig. 1 together with
the CMS [16] and ATLAS [17] results at mid-rapidity
and the LHCb [18] results at forward rapidity. At mid-
rapidity, the pT coverage of the ALICE results is com-
plementary to that from CMS and ATLAS. At forward-
rapidity the ALICE results are in agreement with those
of LHCb.
The pT-differential cross section of inclusive J/ψ
measured at forward rapidity in pp collisions at
√
s =
2.76 TeV [19] and in pp collisions at √s = 7 TeV [19]
is presented on the top panel of Fig. 2. The results
at both energies are compared with the predictions of
a NRQCD calculation [20] which includes both color
singlet and color octet terms at NLO. The y-differential
cross section of inclusive J/ψ measured at forward ra-
pidity in pp collisions at
√
s = 2.76 TeV [19] and in
pp collisions at
√
s = 7 TeV [19] is presented on the
bottom panel of Fig. 2. The contribution of J/ψ from B-
hadron feed-down in pp collisions at
√
s = 7 TeV was
measured at mid-rapidity and account for 10 − 15% of
the total inclusive yield [21].
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Figure 2: Top: pT-differential cross sections of inclusive J/ψ measured at for-
ward rapidity in pp collisions at
√
s = 2.76 TeV and at
√
s = 7 TeV [19]
compared to NRQCD calculations [20]. Bottom: y-differential cross sections of
inclusive J/ψmeasured at forward and mid-rapidity in pp collisions at
√
s = 2.76
TeV and at
√
s = 7 TeV [19]
4. Results in Pb-Pb collisions
The J/ψ yield (YJ/ψ) measured in Pb-Pb collisions in
different centrality classes is combined with the inclu-
sive J/ψ cross section measured in pp collisions at the
same energy (see Sect. 3) to form the nuclear modifica-
tion factor (RAA) defined as:
RAA =
YJ/ψ
〈TAA〉σppJ/ψ
. (2)
A Glauber model calculation [22] is used to determine
the average nuclear overlap function (〈TAA〉) and the
average number of participating nucleons (〈Npart〉) for
each centrality class used in this analysis.
The inclusive J/ψ RAA measured by ALICE at√
sNN = 2.76 TeV in the range 2.5 < y < 4 (|y| < 0.9)
and pT > 0 GeV/c is shown as a function of 〈Npart〉
in the top (bottom) panel of Fig. 3. The comparison
with the PHENIX measurements at √sNN = 200 GeV
at forward rapidity [23] and mid-rapidity [24] shows
that the ALICE inclusive J/ψ RAA is almost a factor of
three larger for 〈Npart〉 > 180 (〈Npart〉 = 350) at for-
ward rapidity (mid-rapidity). In addition, ALICE re-
sults do not exhibit a significant centrality dependence
for 〈Npart〉 > 50.
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Figure 3: Inclusive J/ψ nuclear modification factor measured at forward rapid-
ity (top) and mid-rapidity (bottom) compared to PHENIX results.
In Fig. 4 ALICE measurements are compared with
theoretical models that include a J/ψ (re)generation
component from deconfined charm quarks in the
medium. The Statistical Hadronization Model [25] as-
sumes deconfinement and a thermal equilibration of the
bulk of the cc¯ pairs. Then charmonium production oc-
curs at phase boundary by statistical hadronization of
charm quarks. The prediction is given for two values of
3
dσcc¯/dy, since it has not yet been measured for Pb-Pb
collisions. The two transport model results [26, 27] pre-
sented in the same figure differ mostly in the rate equa-
tion controlling the J/ψ dissociation and regeneration.
Both are shown as a band which connects the results
obtained with (lower limit) and without (higher limit)
shadowing. The width of the band can be interpreted as
the uncertainty of the prediction. In both transport mod-
els, the amount of regenerated J/ψ in the most central
collisions contributes about 50% of the measured yield,
the rest being from initial production.
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Figure 4: Inclusive J/ψ nuclear modification factor measured at forward ra-
pidity (top) and mid-rapidity (bottom) compared to the prediction of models
including a J/ψ (re)generation component in the deconfined medium.
5. Conclusion
Inclusive J/ψ production was measured in pp colli-
sions at
√
s = 2.76 TeV and at
√
s = 7 TeV. The
pT-differential cross section of inclusive J/ψ measured
at forward rapidity in pp collisions at
√
s = 7 TeV
is reproduced by NRQCD calculations. The nuclear
modification factor of inclusive J/ψ in Pb-Pb collisions
at
√
sNN = 2.76 TeV was measured both at forward
and mid-rapidity. The J/ψ suppression was found to be
smaller than at RHIC and does not exhibit significant
centrality dependence. Models including full or partial
production of J/ψ from charm quarks in the deconfined
medium reproduce the data.
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